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DESCRIPTION 



£RADIO STATION APPARATUS AND RADIO COMMUNICATION METHOD 



ent 



5 Technical Fiel<jl 
The pre 
station appar 
in a digital r 



Background Art 
There art 
Detection) and 
as an iaterfer 
Multiple Acc 
for inter feren<fi 
and receiving 



invention is relates to a piece of radio 
ajtus and radio communication method used 
adio communication system. 



a single user type (SUD: Single User 



a multi user (MUD 
ence canceller in 



Multi User Detection) 
a CDMA (Code Division 
) system. The single user type is a method 
e cancellation using only a spreading code 
station, and a typical 
orthogonal filter for 
ent of a matched filter 



timing of a local 
example of the: above type is an 
adaptive central of a tap coeffic: 
so that the above coefficient lias orthogonality to a 
spreading codis of an interference signal. SUD ha 
simpler configuration than that of MUD, and easier 
implementabil.Lty , but it is difficult to apply SUD when 



there is disc 
of the spread 



Lng code under a m 



rdance between symbol duration and that 



ulti-path environment. 



on tlie -ot|her hand, MUD is a |nethod for interference 
cancellation in which data decision is performed after 
amplitude and phase estimation o„f. received signals of 



all users is g 
receiving tim; 
comaunicatioi)., 
codes . As MUlj> 
interference 
characteristic 
repetition 
interference r^: 
at a receiving 
and decision a 



erformed based on spreading codes and 
ng information of all users under 



and has no restriction on the spreading 
there have been a multi-stage type 
canceller in which receiving 
3 are improved through two-or-more-time 
multi-stage) of processing where 
plica signals of other users are generated 
side, based on channel estimation values 
ata r and the above replica signals are 
ubtracted from received signals to cause improved SIR 
(Signal to Int€irf erence Ratio); and a single-stage type 
interference canceller in which likelihoods of all the 
symbols of al.l channels are subjected to ranking 
processing, replica signals are generated at the 
receiving side: in decreasing order of the likelihood, 
and the above replica signals are subtracted from received 
signals to increase SIR and hence improve receiving 
characteristics . 

AS a single-stage type interference canceller, 
there is a synbol-r anking- type interference canceller 
(SRIC) which has been proposed in "Study on a CDMA 
interference canceller for an uplink" by tTESUGI, KATO, 



and homma, 
Information , 
Report RCS96- 
Operat io 



EEICE (The Institute of Electronics, 
and Communication Engineers) Technical 
121 . 

of the above symbol-ranking-type 
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decision of ea 
is performed in 



interference canceller will be described, referring to 
FIG. 1. in the first place, despraading processing of 
all the symbols of received signals for each user is 
performed with a matched filter (MF) 1/ using a spreading 
code (a spreading code used for spreading modulation 
processing at the side of a communication terminal) , and 
RAKE combining of the obtained despreading signals is 
performed in a IlAKE combining circuit 2 . Then, temporary 



:h symbol after -the above RAKE combining 
a temporary decision circuit 3. The each 
symbol after temporary decision is stored in a soft 
decision data buffer 5. In the above soft decision data 
buffer 5 r buffering is performed by a time width for 
ranking with regard to the likelihood (window width: a 
range of symbols for ranking) • 

Each symbol after the temporary decision is sent 
to a likelihopd calculation circuit 4 for likelihood 
All symbols after the above likelihood 
e sent to a ranking circuit 6 , where ranking 
in decreasing order of the likelihood 
the calculated likelihood. In a replica 
generation circuit 7 , a replica signal is generated from 
a symbol with the greatest likelihood among all the symbols 
replica signal is output to an adder 9, 
■renoe between the received signal delayed 
in a delay circuit S and the above replica signal is 
obtained. Thkt is, the replica signal for the symbol 



calculation . 
calculation ar 
is performed 
according to 



and the above 
where the dif f . 



4 



likelihood for 
ranking of the 
the above like|; 
symbol with th 



with the greatest likelihood is canceled from the received 
signal . 

RAKE combining of the received signal, from which 
the replica signal is canceled as described above, is 
performed again in the RAKE combining circuit 2; the 
the above received signal is calculated; 
above signal is performed according to 
lihood; another replica signal for the 
greatest likelihood is generated; and 
the current replica signal is canceled from the signal 
from which the previous replica signal is canceled. The 
above processing is repeated for all the symbols of all 

Thus, replica signals may be accurately generated 



even without 



symbol- rank ing-typ< 



performed for 
signals for 



the multi-stage configuration in the 



as ranking of likelihoods is 



each symbol without generation of replica 
each. user. Therefore, the 



However, 
caused 



repeated every 



symbol-ranking-type is characterized in that the 
despreading operation is performed only one time for all 
symbols. Here f a slot is generally assumed to be used 
as a window width 

an enormous amount of delay in processing 
the above symbol-ranking-type, as 
cancellation d>f replica signals and. anoth.er-rankin.g- are 



one symbol. Therefore, it has been des ired 



that the above ranking processing is simplified in the 
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symbol -ranking 

Disclosure of 

The objec 
a piece of radic 
with an inter 



generation of 



•type interference canceller. 



Lnventxon 

t of the present invention is to provide 
base station, apparatus , which, is provided 
ference canceller for simpler ranking 
processing; processing with less delay, and accurate 



replica signals with smaller amount of 
operations; add a radio communication method. 

The subject of the present invention is to simplify 
ranking circuit in a single-stage-multiuser type 
interference canceller for improvement in the receiving 
characteristics of a piece of radio base station apparatus 
in a DS-CDMA syjstem, by simultaneous execution of ranking 
processing or class decision processing by a plurality 
of subsets* 

Brief Description of Drawings 

FIG. 1 iii a block diagram showing a configuration 
of a symbol-r;inking type interference canceller; 



FIG. 2 
configuration 
according to 

FIG - 3 

configuration 
of radio base 
embodiment of 



is a block diagram showing a schematic 
of a piece of radio base station apparatus 
the present invention; 

is a block diagram showing an internal 
of an interference canceller in a piece 
station apparatus according to a first 
the present invention; 
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FIG. 4 is 



apparatus acco 



configuration 
of radio base 
embodiment of 



a block diagram showing a part of the 



interference canceller in the radio base station 



rding to the above first embodiment; 



FIG. 5 is a block diagram showing an internal 



of an interference canceller in a piece 
station apparatus according to a second 
the present invention; 



FIG. 6 is a block diagram showing a part of the 



interference 
apparatus acco 
FIG. 7 i 
configuration 

Best Mode for 



canceller in the radio base station 
rding to the above second embodiment; and 
5 a view for description of an internal 
of an interference canceller. 



Carrying Out the Invention 
Hereinafter,, embodiments of the present invention 
will be described, referring to attached drawings. 
{First embodiment) 

In the present embodiment, a symbol-ranking type 
interference canceller, which is one of 
ingle-stage-kult iuser type interference canceller, 
will be described. Especially, there will be described 
a case where ei plurality of subsets for symbol-ranking 
for a plurality of channels are provided; each subset, 
independently from each other, performs symbol-ranking; 
replica signals are generated for each subset; and the 
above replica signals are combined for cancellation from 
received signals. 



7 



PIG. 2 is a block diagram showing a schematic 
configuration of a piece of radio base station apparatus 
according -to the present invention. In the above radio 
base station apparatus, signals transmitted from a piece 
of communication terminal apparatus are received through 
an antenna 10.1 , and predetermined radio receiving 
processing (for example, down conversion and A/D 
conversion) of the above received signals in a radio 
receiving circuit 102 . Then, the above signals after 
radio receiving processing are sent to an interference 
canceller 103 , inwhich interference canceling process ing 
of the above signals is performed to obtain demodulation 
data. And, in the above radio base station apparatus, 
predetermined radio transmitting processing (D/A 
conversion anc. up conversion, and so on) of modulation 
data after dig;.tal modulation of transmitting data. The 
signals after the above radio transmitting processing 
are transmitted to the communication terminal apparatus 
through the antenna 101. 

FIG. 7 i:5 a block diagram showing a configuration 
of the interference canceller. The interference 
he radio base station apparatus according 
embodiment has a configuration in which 
the above canceller comprises a plurality of steps 
(processing u;iite) , and replica signals for a plurality 
generated at each step, and the above 
Is are canceled from input signals at the 



canceller in t 
to the presen - 



of symbols a* 
replica signa 



three steps, 
• processing) , 



same time. Here, a configuration, in which there are 



-and subtracting processing (canceling 
two-time ranking, and only-one-time 



another-rankink are performed, will be described as one 
example. But, there are no special limitations on the 
number of steps. 

In the above configuration, a first ranking 
processing and processing for generation of replica 
signals are performed, and then the replica signals are 
output to an adder 605 at a step 1 (STEP 1) 601. In the 
adder 605, the above replica signals are subtracted from 
the received s ignals delayed in a delay circuit 604 . That 



is , the replies 
1 are canceled 



signals for symbols after ranking at STEP 
from the received signals. The signals 
after cancellation of the above replica signals are sent 

to STEP 2. 

At STEP 1 . symbols for generation of replica signals 
from the ranking results are selected based on threshold 
decision using a threshold value 1. And, at STEP 1, 
replica signals are generated, and, at the same time, 
output as demodulation data in the case of upper symbols 
above the threshold value among symbols after ranicing 
likelihood. 

econd ranking processing ( another-ranking 
d replica-signal generat ingprocess ing are 
performed, and replica signals are output to an adder 
In the adder 605, the above replica 



based on th 

Then , a s 
processing) ar 



605 at STEP 2 



signals are subtracted from the received signals delayed 



in the delay ci 



canceled from 
cancellation o 
STEP 3 . 

At STEP 2 
from the anoth. 
threshold dec 
replica signal 



rcuit 604- That is, the replica signals 



for symbols alter the another-ranking at STEP 2 are 



he received signals. The signals after 
£ the above replica signals are sent to 

symbols for generation of replica signals 
sr-ranking results are selected based on 
sion using a threshold value 2- And, 
s are generated for upper symbols above 



the above threshold value 2 among symbols after ranking 
ikelihood, and, at the same time, output 



based on the 1 

as demodulation data, at STEP 2. 

Then, demodulation processing of the remaining 
symbols (the remaining symbols after cancellation of 
symbols with greater likelihoods ) is performed at STEP 
3 603 to output demodulation data. 

Though, there are no special limitations on the 
number of symbols which are processed at each step, it 
may be configured that the number of symbols are uniformly 
allotted to each step for uniform processing. 

For example, when it is assumed that the number of 
all symbols for all users is 300, likelihood calculation 
of all the abo^e symbols is performed at STEP 1; threshold 
decision of thfe obtained likelihoods is performed, using 
the threshold value 1; ranking is performed in decreasing 
order of the likelihood? and replica signals are generated 
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for upper 100 symbols with regard to the likelihood. The 



replica signal 
from the receiv 
demodulation d 



symbols {200 
signals genera 
threshold dec 



for the above 100 symbols are canceled 
2d signals (300 symbols) . In such a case, 
ta are output for the above 100 symbols. 



Then, likelihood calculation of the remaining 



ymbols) after cancellation of replica 
ted at STEP 1 is performed at step 2; 
Lsion of the obtained likelihood is 



performed, us iiig the threshold value 2 ; another-ranking 
is performed iiji decreasing order of the likelihood; and 
replica signal s are generated for upper 100 symbols with 
regard to the Likelihood. The replica signals for the 
above 100 symbols are canceled from the received signals 
(200 symbols). In such a case, demodulation data are 
output for the above 100 symbols. Finally, demodulation 
data are outpx.t, at step 3, for the remaining symbols 
(100 symbols) after cancellation of the replica signals 
generated at STEP 2 . 

Thus, the despreading processing is performed one 
time in the pre sent interference canceller, as modulation 
data are output at each step for all symbols of all users 
in decreasing order of the likelihood- The above point 
is the difference between the present canceller and the 
multi-stage type interference canceller by which the 
despreading processing is performed at each step. And, 
times of anotlier-ranking may be decreased and delay in 
processing may be reduced, as replica signals are 
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interference c 
FIG. 



generated together at each step, and the above replica 
signals are canceled from the received signals at the 
same time. 

Then, an internal configuration of each step in the 
anceller will be described, 
s a block diagram showing an internal 
conf iguration of the interference canceller in the radio 
base station apparatus according to the first embodiment 
of thepresent invention. The step comprises : aplurality 
of circuit boards X through Z (three boards, here) which 
are subsets for processing of signals for a plurality 
of channels; a bus 204 for transmission of replica signals 
output from the above circuit boards X through 2; and 
a combining circuit 203 for synthesis of the above replica 
signals. A ranking circuit 201 is provided in each 



circuit board 
Therefor 
other, may per 



reduced, and, 
t>e made small 
Here, it. 



X through Z . 

=s, each subset, independently from each 
form processing in subsets, that is, each 
processing such as despreading, RAKE combining, temporary 
decision, likelihood calculation, ranking, and replica 
generation by allocating all channels to a plurality of 
subsets. Accordingly, the delay in processing may be 



at the same time, the hardware size may 

is assumed that there are caused great 
differences ih the likelihoods (reliability) of replica 
signals generated in each subset, satisfying a specified 
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order and the 1 
not uniform amc 



is caused a cas 



there is caused 
replica signal 



to perform the 
of the symbol- 
interference 



threshold (order) , when the relations between the ranking 
Lkelihood in the ranking circuits 201 are 
ng the subsets (circuit boards x through 
Z). When replica signals which are greatly different 
from each other in the reliability as described above 
are combined and canceled from, the received signals , there 
where symbols , which are in upper ranking 
in one subset irith regard to the likelihood but not in 
upper ranking among subsets r are canceled. That is , when 
extremely great difference among subsets, 
s which are generated in one subset and 
have an extremely low likelihood are subtracted in an 
early step. 

It is assumed in such a case that it is better not 
interference cancellation, as advantages 
ranking, in which more advantages of the 
ancellation are originally realized by 
generation, arid cancellation of replica signals in 
decreasing order of the likelihood, are decreased. 

Accordingly, considering the above case, there is 
provided a channel-allocation control circuit 202 in 
-allocation to each subset is controlled 
imately uniform distribution of the symbol 
achieved among the subsets- Thereby/ 
the advantages of th.e interference 
by simultaneous ranking processing ma,y be 



which channel 
so that approx. 
likelihood is 
reduction in 
cancellation 
prevented . 



an internal con 
Though FIG. 4 



The circu 
part, enclosed 



predetermined 



fig. 4 is a block diagram showing a part of the 
interference ekanceller in the radio base station 
apparatus according to the first embodiment/ and shows 
iguration of each subset ( circuit board ) . 
shows a circuit board X, circuit boards 
y and 2 have the same configuration as that of the above 
board x* 

it board X comprises for each channel (a 
tfith a dotted line in PIG- 4)t a matched 



filter 301 for despreading processing, using 



spreading code (a spreading code used in 



spreading modulation processing at the side of the 
communication terminal apparatus) of received signals; 
a RAKE combining circuit 3 02 for RAKE combining using 
despreading si.gnals obtained by the above despreading 
processing; a temporary decision circuit 303 for symbol 
decision of signals after the above RAKE combining; and 
alculation circuit 304 for calculation of 
or symbols. And, the circuit board X 
oft decision data buffer 305 for storage 



a likelihood c 
likelihoods f 
comprises 



circuit 3 06 f o 



Operations of 



of symbols after temporary decision for each channel; 
a ranking circ 
threshold de 



uit 201 for ranking processing, based on 
cision, of symbols after likelihood 
calculation f<br each channel; and a replica generation 



generation of replicas in decreasing order 



of the likelinood with regard to symbols after ranking. 



the radio base station apparatus provided 
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are output to 
RAKE combining 
the data after 



with the interference canceller having the above 
configuration will be described. Though the above 
operations will be described using those of the circuit 
board X, the cjircuit boards Y and Z perform similar 
operations . 

As shown i_n FIG. 4, the received signals are input 
to the matched filter 3 01 for despreading processing us ing 
a spreading code. Thereby, despreading signals are 
obtained for ea<bh channel , The above despreading signals 



the temporary decision circuit 303 after 
in the rake combining circuit 3 02 . Then, 
temporary decision (soft decision) in the 



temporary decision circuit 303 are stored in the soft 



decision data 



suffer 305, and, at the same time, output 



to the likelihood calculation circuit 304, where 



likelihood ca, 



All the 



culation is performed for each symbol. 



Here, any parameter indicating the received quality may 
be used as a parameter for the likelihood without any 
pecial limitation. 

Each channel, independently from each other, 
performs despreading processing, rake combining 
processing, temporary decision, and likelihood 
calculation, which have been described above. 



symbols after the likelihood calculation 



for each channel are input to the ranking circuit 201, 
where -threshold, decision of -the likelihoods, and, then, 
ranking of symbols in decreasing order of the likelihood 
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are performed 
replica signal 



decreasing ord 
the greatest 
replica signal 
data from the 
The repl 



In the replica generation circuit 30 6, 
are generated only for predetermined 



number of symbols , among all symbols after ranking, in 



ar of the likelihood from the symbol with 
ikelihood. The symbols for which the 
are generated are output as demodulation 
soft decision data buffer 305. 
ica signals generated in the replica 



generation circuit 306 are sent to the combining circuit 
203 through the bus 204, as shown in FIG, 3, In the 
combining circuit 203, replica signals are input from 
each circuit board X through Z, and the above replica 
signals are ccmbined. The replica signals combined in 
the combining circuit 203 are replica signals output from 
STEP 1 shown :.n FIG* 7, and the above replica signals 
are canceled ::rom the received signals delayed in the 
delay circuit 604 . 

in such 3. case, a new channel is allocated in the 



channel alloc 



ation control circuit 202 shown in FIG. 



X through Z , d. 



o that the relations between the order and likelihood 
are almost uniform among subsets, based on likelihood 
information reported from each circuit board x through 
Z which is a subset; accommodated symbol rates and services 
(voice signals and packet signals); target SIRS and so 
on. Thereafter, the allocation control signals are sent 
to each circuit board X through Z. In each circuit board 



;spreading processing is performed, using 
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Thereafter, p 
performed in a 



a spreading code corresponding to a channel allocated 
to the own circuit board, according to the above allocation 
control signal 

Here, channel allocation control to each subset is 
basically performed when a new channel is allocated at 
starting of te 
allocation durii: 



lephone calls, as switching of channel 
ng telephone calls is complicated control . 
Then, this processing at STEP 1 is terminated. 



ocessing for the subsequent STEPS is 
similar manner as described above, and, 
then, interf etrence cancellation processing of the 
received signals is performed. 

Thus, desjpreading processing is performed one time 
in the radio base station apparatus according to the 



present embod 
symbols of all 
the likelihood 
And, times of a 
in processing 



signals are c, 
same time. 

Moreover 
and the size o 
base station 
embodiment, a 



.ment, as the demodulation data for all 
users are output, in decreasing order of 
, at each step in the interference canceller 
nother-ranking may be decreased and delay 
may be reduced, as replica signals are 



generated together at each step, and the above replica 



nceled from the received signals at the 

the ranking circuit may be easily realized , 
f the hardware may be reduced in the radio 
apparatus according to the present 
each subset, independently from each other 



performs ranking processing in the interference canceller 
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Further, processing till the generation of replica 
signals may be; promptly performed , as .each subset, 
independently 
processing . 

Moreover 



from each other, performs ranking 



No - Hei -10 (19 
are incorporat 



processing by s. 



symbol-ranking type interference 
canceller (single-stage multi user ) , other than the above 
one, has been disclosed in Japanese published application 
98) - 126383, the entire contents of which 
ad herein by reference. 
(Second Embodiment ) 

In the case of ranking processing, delay in 
buffering window width (for example, one 
slot), which is for received symbols for the ranking, 
+ time necessary for ranking processing is required before 
starting of generation of replica signals, as replica 
signals for ea=h symbol may be generated only after the 
ranking processing. 

There wiLl be described in the present embodiment 
a case where replica signals are generated just after 
class decision processing of symbols after likelihood 
calculation and, then, suitable decision of the received 
signals are performed. 

FIG- 5 is a block diagram showing an internal 
configuration of an interference canceller in a piece 
of radio base station apparatus according to a second 
embodiment of the present invention. A step coxnpris es s 
a plurality of circuit boards X through Z (three 



boards , here) which are subsets for processing of signals 
for a plurality of channels; a bus 404 conveying replica 
signals output from each circuit board X through z? and 
a combining circuit 403 for combining of each replica 
signals. A class decision circuit 401 is provided in 
each circuit board X through a. The class decision 
performed in tie class decision circuit 401 means that 
threshold decisi ion of calculated likelihoods is performed , 
using a specific likelihood value as a threshold value. 

Therefore , each subset, independently from each 
other, may perform processing in subsets, that is, each 
processing sucli as despreading, RAKE combining, temporary 
decision, likelihood calculation, ranking/ and replica 
generation by allocating all channels to a plurality of 
subsets. Aacc rdingly , the delay in processing may be 
reduced, and, at the same time, the hardware size may- 
be made smaller- 
Here, threshold values are controlled in a threshold 
control circuit 402, based on information on the current 
slot or information on slots just before the current slot 
in the class dscision, when a buffering window width for 
received symbols as ranking objects is configured to be, 



for example, 
FIG. 6 
interference 



an internal co 



i slot unit. 

s a block diagram showing a part of the 
canceller in the radio base station 



apparatus according to the second embodiment, and shows 



nfiguration of each subset ( circuit board) . 
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as that shown 
The above 



received signa 
(a spreading 
processing at 
apparatus ) ; 
combining, 



Though FIG. 6 shows the configuration of the circuit board 
the circuit boards Y and Z have the same configuration 
In FIG. 6. 

circuit board X comprises for each channel 
(shown in a part enclosed with a dotted line in FIG. 6); 
a matched filter 301 for despreading processing of the 
s, using a predetermined spreading code 
code used for spreading modulation 
the side of the communication terminal 
RAKE combining circuit 302 for RAKE 
ing despreading signals obtained in the 



despreading processing? a temporary decision circuit 303 



for symbol de 
combining; and 



And, the 
data buffer 30 
decision for e 
for class decisi 
calculation fq: 
and a replica 
replicas (bas 



Operatic: 
with the int 



rision of signals after the above RAKE 
a likelihood calculation circuit 304 for 



calculation oj: likelihoods for symbols. 

circuit board X comprises! a soft decision 
5 for storage of symbols after temporary 
ach channel; a class decision circuit 401 
ion processing of symbols after likelihood 
r each channel by the threshold decision; 
generation circuit 306 for generation of 
ically, independent of the order, but 
usually, in decided order) for symbols which are decided 
as classes having the likelihood above the threshold. 

ns of the radio station apparatus provided 
erference canceller having the above 



configuration will be described. Though the description 
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will b« made foir th.© circuit board X, the circuit boards 
X , and z have this similar operations as those of the above 
board X. 

As shown jln FIG. 6, received signals are input to 
the matched filter 301, and supplied for despreading 
processing usir.g a spreading code . Thereby, despreading 
signals are obtained for each channel. The above 
despreading signals are output to the temporary decision 
circuit 3 03 afxer RAKE combining in the RAKE combining 
hen, data after temporary decision (soft 
s temporary decision circuit 3 03 are stored 



circuit 302 
decision) inth 



time, output t 
In the likelit 
calculation o 
parameter ind 



Here, ea 
performs des 
processing, 
calculation, 



have the obt 
comparison be 1 



in the soft decision data buffer 305, and, at the same 



o the likelihood calculation circuit 3 04, 
ood calculation circuit 304, likelihood 
:E each symbol is performed. Here, any 
:. eating the received quality may be used 
as a parameter for the likelihood without any special 
limitation . 

h channel, independently from each other, 
preading processing, RAKE combining 
temporary decision, and likelihood 
tfhich have been hitherto described. 
All symbols for each channel after likelihood 
calculation are input to the class decision circuit 401. 
in class decision circuit 401, all replica signals , which 
ained likelihoods above a threshold in 
:ween the specific likelihood value and. the 



I 



above likelihoods obtained in the likelihood calculation 



for each symbol 
circuit 306 jus 



data . 

The repl 
generation cir 



, are generated in. the replica generation 
h after the above comparison. The symbols 
for which'the replica signals are generated are output 
from the soft decision data buffer 305 as demodulation 



ica signals generated in the replica 
uit306 are sent to the combination circuit 
403 through tike bus 404 , as shown in FIG . 5. In the 
combining circ ait 4 03 , the replica signals are input from 
each circuit board X through Z for combining of replica 
signals. The replica signals after combining in the 
combining circuit 403 are replica signals which are 
outputs of step 1 shown in PIG. 7, and the above replica 
signals are canceled from the received signals delayed 
in the delay circuit 604. 

time, thresholds are controlled in the 
trol circuit 402, based on likelihood 
information ( i:or example, likelihood distribution) from 
each circuit board X through z which is a subset . Thereby , 
the best classification may be realised according to 
circumstances . 

At this time, thresholds are controlled in the 
threshold control circuit 402 shown in FIG. 5, based on 
information (^Likelihood information) on the current slot 
information on slots just before the current slot, 
when a buffering window width for received symbols as 



At this 
threshold con 
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-threshold valu 
just before th 
Thus, p 



classification objects is configured to be, for example, 
one slot as a unit. In such a case, the reliability of 
the threshold is improved, when the threshold is decided, 
based on information ( for example , amplitude distribution 
for all symbols or several symbol samples for each channel ) 
at the current slot- But, there is generated the delay 
in processing . On the other hand, operation delay before 
the threshold c.ecision may be reduced by controlling the 



based on the information on the slots 
e current slot. 

ocessing at STEP 1 is terminated. 



Thereafter, interference canceling processing of the 
received signals is performed by processing at the 
subsequent SHIPS as described above. 

Thus, desipreading processing is performed one time 
in the radio base station apparatus according to the 
present embodiment, as the demodulation data for all 
symbols of all users are output, in decreasing order of 
the likelihood 



at each step in the interference canceller . 
And, times of inother-ranking may be decreased and delay 
in processing 
generated tog 
signals are c 
same time. 

Moreove 
realised, and 
in the radio 



may be reduced, as replica signals are 
3ther at each step, and the above replica 
anceled from the received signals at the 

, the class decision circuit may be easily 
the size of the hardware may be reduced 
base station apparatus according to the 
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present embodiment, as each subset, independently from 



each other, els 



canceller- Further, processing till the generation of 



replica signals 
independently 
processing . 
instead of ran 
likelihood 
interference 



s decision processing in the interference 



may be promptly performed, as each subset , 
.roin each other, performs class decision 
Moreover, class decision processing, 
king processing, is performed based on. 
formation for each symbol in the 
canceller according to the present 



embodiment. Thereby, the ranking operations and the 



channel allocs 
presence of ge 



tion control may be eliminated, as the 
nerated replicas may be decided only by 
comparison between the obtained likelihoods and the 
specific likelihood ( threshold value ) . as a result, the 
essing may be remarkably reduced in the 



delay in proc 



interference cfanceling processing. 

The present invention is not limited to the above 
embodiments, dnd various kinds of modifications may be 
executed. Thcugh, for example, a case where the number 
of subsets (circuit boards) is three, and the number of 
steps is three has been described in the above first and 
second embodiments, there is no limitation on the number 
of subsets and 
And, there is 
of channels p 

The radi 



the that of steps in the present invention, 
also no special limitation on the number 
recessed in each subset. 

o base station apparatus according to the 
present invention has a configuration provided with an 
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interference c 
sets of a proces 
in which despre 
by despreading 
plurality of ch 
performed witl. 
communication t. 



obtained by us 
each channel 



iinceller which comprises a plurality of 
sing unit including: a despreading section 
ding signals for each channel are obtained 
with a spreading code, of signals of a 
annels, spreading modulation of which is 
preading code at the side of the 
erminal ; a likelihood calculation section 



for calculation of the likelihoods of symbols, which are 



e of the above despreading signals, for 
a ranking section for ranking according 



to the likelihoods of each symbol; and a replica signal 
generation section for generation of replica Signals 
according to trie above ranking results, and a subtraction 
section for cancellation of replica signals generated 
in the above processing unit from the input signals into 
essing unit, wherein replica signals for 
symbols are generated and canceled from 
the input signils at the same time by the above processing 
unit and the above subtraction section. 

According to the above configuration, despreading 
performed one time, as the demodulation 
ymbols of all users in decreasing order 
sod is output at each processing unit. The 
is the difference between the present 
he multi-stage type interference canceller 
by which the despreading processing is performed at each 
stage. And, times of another-ranking may be decreased 



the above proc 
a plurality of 



processing is 
data for all i 
of the likelih 
above point 
canceller and t 
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above replica 
signals at the 
The radio 
present invent 



and delay in processing may be reduced, as replica signals 
are generated together at each processing unit, and the 
signals are canceled from the received 
same time. 

base station apparatus according to the 
ion has a configuration where the apparatus 



signals of a pi 
of which is pe 



comprises an interference canceller which is provided 
with a plurality of subsets including: a despreading 
section in which despreading signals for each channel 
are obtained by despreading, with a spreading code, of 
lurality of channels, spreading modulation 
srformed with the above spreading code at 
the side of the communication terminal; a likelihood 
calculation section for calculation of the likelihoods 
for symbols, which are obtained by use of the above 
despreading signals, for each channel; a ranking section 
for ranking according to the likelihoods of each symbol? 
and a replica signal generation section for generation 
of replica signals according to the above ranking results , 
wherein each subset, independently from each other, 
performs the above ranking processing and the above 
generation of replica signals, 

According to the above configuration, the ranking 
circuit may be easily realized, and the size of the 
hardware may be reduced, as each subset, independently 
from each other, performs ranking processing and 
generation of replica signals in the interference 
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canceller. Further , processing till the generation of 



replica signals 
independently 
processing and 
The radio 
present invent 



channels based 
so that the r 
likelihood are 



may be promptly performed , as each subset, 
from each other/ performs ranking 
generation of replica signals* 
base station apparatus according to the 
ion has a configuration where the above 
apparatus comprises in the above configuration: a channel 
llocation conjtrol circuit for control of allocation of 
on information reported from each subset 
alations between the ranking order and 
Imost uniform among subsets. 
According -to the above configuration, reduction in 
the advantages of the interference cancellation by 
simultaneous ranking processing may be prevented, as the 
relations between the ranking order and likelihood are 
almost -uniform among subsets. 

The radio base station apparatus according to the 
present invention has a configuration where the apparatus 
comprises an interference canceller which is provided 
with a plurality of subsets including: a despreading 
section in which despreading signals for each channel 
are obtained by despreading, with a spreading code, of 
signals of a plurality of channels, spreading modulation 
of which is performed with the above spreading code at 
the side of the coitaiunicat ion "terminal; a likelihood 
calculation section for calculation of the likelihoods 
for symbols, which are obtained by use of the above 
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by comparison b 
a threshold va 
for generation 



despreading signals, for each, channel? a class decision 
section for decision of the presence of replica signals 
etwean the likelihoods of each symbol and 
ue; a replica signal generation section 
of replica signals according to the above 
class decisibn results, wherein each subset, 
independently from each other, performs the above class 
decision processing and the above generation of replica 
signals . 

According to the above configuration, the class 
decision circuit may be easily realized, and the size 
of the hardware may be reduced, as each subset, 
from each other, performs class decision 



independent ly 

processing and generation of replica signals in the 
interference 
generation of 
as each subset 



anceller. Further, processing till the 
eplica signals may be promptly performed, 
, independently from each other, performs 
class decisioh. processing. Moreover, class decision 
processing, instead of ranking processing, is performed 
based on likelihood information for each symbol in the 
interference canceller according to the present 
embodiment. (Thereby, the ranking operations and the 
ation control may be eliminated, as the 
enerated replicas may be decided only by 
comparison between the obtained likelihoods and the 
specific likelihood (threshold value) . As a result, the 
delay in processing may be remarkably reduced in the 



channel alloc 
presence of g 
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interference cknceling processing. 

The radio base station apparatus according to the 
present invention has a configuration where the above 
apparatus comprises in the above configuration: 
threshold control section for control of thresholds based 
on information on the current slot or information on slots 
just before the current slot. 

According to the above configuration, the best 
class if icat ior may be realized according to circumstances 
in the interference canceling processing. 

The communication terminal apparatus according to 
the present invention is characterized in that the above 
apparatus performs radio communication with the radio 
base station apparatus with the above configuration. 

in a radjio communication method according to the 
ion, processing comprising: a despreading 
despreading signals for each channel are 
obtained by despreading, with a spreading code, of signals 
of a plurality of channels , spreading modulation of which 
is performed v/ith the above spreading code at the side 
cation terminal; a likelihood calculation 
lation of the likelihoods of symbols, which 
are obtained by use of the above despreading signals, 
for each chaniel; a ranking step for ranking according 
oods of each symbol; and a replica signal 
generation step for generation of replica signals 
according to the above ranking results , is performed every 



present invent 
step in which. 



of the coitimunij' 
step for calcu 
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subset to whic 
wherein each 
performs the 
generation, of 



signals in t 
processing ti 
be promptly per 



h a plurality of channels are allotted, 
subset, independently from each other, 
above ranking processing and the above 
replica signals. 
According to the above method, the ranking circuit 
may be easily realized, and the size of the hardware may 
be reduced, as <=sach subset , independently from each other, 
performs ranking processing and generation of replica 
he interference canceller. Further, 
1 the generation of replica signals may 
formed,, as each subset, independently from 
each other, pejrforms ranking processing and generation 
of replica signals. 

In a radio communication method according to the 
present invention, processing comprising: a despreading 
despreading signals for each channel are 
spreading, with a spreading code, of signals 
of channels, spreading modulation of which 
is performed with the above spreading code at the side 
of the communication terminal; a likelihood calculation 
step for calculation of the likelihoods of symbols , which 
are obtained by use of the above despreading signals, 
for each channel; a class decision step for decision of 
the presence of generated replica signals by comparison 
ikelihoods of each symbol and a threshold 
value ; and a replica s ignal generation step for generation 
of replica signals according to the above class decision 



step in which 
obtained by des 
of a plurality 
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results, is per 
of channels 



qformed every subset to which a plurality 
are allotted,- wherein each subset, 
independently froi each otter, performs the above class 
decision processing and the above generation of replica 
signals. | 

According to the above method, the class decision 
circuit may b«i easily realized, and the size of the 
hardware may b<3 reduced, as each subset , independently 
from, each other, performs class decision processing and 
generation of| replica signals in the interference 
canceller. Further, processing till the generation of 
i may be promptly performed, as each subset, 
from each other, performs class decision 
I generation of replica signals . Moreover, 
i processing, instead of ranking processing , 



replica signal 
independently 
processing and 
class decision 



is performed fcpased on likelihood information for each 
symbol in the interference canceller according to the 
present embodiment - Thereby, the ranking operations and 
the channel al Location control may be eliminated, as the 

r 

presence of generated replicas may be decided only by 

comparison bejtween the obtained likelihoods and the 

! 

specific likelihood (threshold value) . As a result, the 
delay in processing may be remarkably reduced in the 
interference canceling processing. 

As descrjibed above, it is possible according to the 
present invention to simplify a ranking circuit, and 
reduce the silze of the hardware in a single-stage type 
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multiuser iti-fc eijf er enc e canceller for improvement: in the 
receiving characteristics of a piece of radio base station 
apparatus in th<s DS-CDM& system by simultaneous execution 
of ranking processing or class decision processing by 
subsets .• 

The present description is based on Japanese 
published application No . 2000-014589 / filed on Jan. 24, 

2000 , the entire contents of which are incorporated herein 

I 

by reference. | 



a plurality of 



Industrial Applicability 

! 

The presejnt invention may be applied to a piece of 

I 

radio station Apparatus and radio communication method 
used in a digital radio communication system. 

I 



